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offers an opportunity to part i  t ion a pro3ect and peniii t parallel —

but more importantly -—-- independent dcci qri ac t i v i t i es . Proper
part i t ion ing al lows the designers to as s iq n olenty of “hardware and
software space ” to c r i t ica l  areas of the system , and thereby avoids
the time-consumin g and error-orovok i rig ont i mi zati  on usually encountered
in constra ined centralized a rchitectures. A c a r e s u l t , our design
act iv i ty  proceeded in a straightforward manner , wi th no complication s
requirin g extra develoornent time or difficult solutions. Decause the
des i gn and implementation of the modul es and system software did in-
deed proceed smoothly and in  i-ara llt ’l , and because system inteqra ti ’~n
and test was almost trivial , we conclude that the potential cost
benefits of distributed processin g can he subs tan t ia l .  Our expe r ience
re— emphasized the irnoortance of full y exolo ring the sy stem archi tect u re
before module and software desi~in begins.

In operational terms • the project resulted in a small system w h i c h
did everything that was expect ed of it, and the qu a lit y of the radar
responses presented on the PPI d iso lav  was j udqed ‘ vc’rv sat is factor y ”
by experienced observers .

The report concludes w i t h  no ferenn.’o to some of the poss I hi e avenue s
along which th is in i t i a l  et f o r t  cou ld he t’x teri ded; they inc lude other
forms of radars  • and expl ora t i  ons of EGI 1 CCM rd at i  onsh ips in both
radar and conv iunicat ion sys t en~ .
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This nhot ~ shows tIlt ’ equi pnient des j tjri~ d and hul l t LLIlti n.’I’ t he 0 4 0 1

Project. At the l e f t  is  th e rn d i s ’ l o v  ~ -TN ‘~ P.A — ,~ loaned to the
p roject ’1 ; at the center is the racL c o n t i  m i  nci the Tarnet (,~t’nt’i’ator
and the Sunerv i sony Mi iii compute r’ ;  and 1 ~c at ed  on the tal’ l e is  th~ CR T/
key boa rd  Terminal which provi dod the maii — macli Inn.’ i nte r t an .- t ’ t o  the
system .

The photo incid entall y shows com’ie members ~f the desi ~n to,ir~: fr om
left to right . Ivan La—Gard e . Pau l [Tuote, and ~

‘ I c t o r  Kross
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ACRONYMS / A B B R E V I A T I O N S

USED IN THIS REPORT

A/C A ircraft

AZ Azimut h

CPU Central Processor Unit

CR1 Cathode Ray Tube

[PROM Electro nically Programmable ROM

I/O Input/Output

Plan Posit ion Indicator
PPS Pulses per Secon d

PRF Pulse Repetit ion rrequency
RAM Random Access Memo ry

RCS Radar Cross-Section

ROM Read-Only-Memo ry

SW Se lect ive Ident i f icat ion Feature
SRN Scenario Reference Number (Refers to a target)
STEM Sys tem T ra i ner an d Exerc i se Module
1GM Tar get Gene ra tor Mo dule
TT Y Te letype

8
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Figure 1-2. Distributed-Processing Version of STEM

Figure 1-2 shows the dis tributed-processing version of a computer-
controlled rada r simulator patterned aft2 r the STEM requirem ent.
This ’ concept wa s established under the Project 7010 effort and the
principal components are :

1) a bank of vi deo generation modules to generate the radar
video ,

2) a supervisory minicomputer to control the operation of
the video generation modules ,

3) a bank of pilot simulators for simulating certain aircraft
and their human contro l interface, and

4) a director ’ s console which permits control and observation
of the system operat ion.

- 
11

STEM - System Trainer and Exercise Module 
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Project 7() 10 Hardwa re tics I ~n

W I th a system prob lem selected and a proposed s v - .tt’rn d i ’ ’. I qn OQI ’eed
upon , project 7010 tPitm st .t rtt~d some hardwa rt’ dove 1 opmv n t • or t hi’
I t t  It lal det,a I led enq I neer I ug design ef fort  the Ta t’qt ’ t Genera tot’
Modn 1 e was so icc ted , partly because it appe i red to hi ’  the ritos
chal 1 eng I rig , and part 1 y heca use Its output s art’ ri’qu i red by ot her
InO(lUles w i th in  the svst t ’m.

By A pr 11 1Q 77 , priflet’t 7010 ef for ts  on he radar’ ‘.1111(1 1 at or- ~~I I l, l4I( ed
a conct ’ ptua 1 sy s  t ou r block di agraut ( f1~ urt’ 1 — 4 , a h 1t n~ k d i  aqr -ar r r t ot
the ta rqe t generator modu ii’ , and s otut’ p1 oct’s of  ha r - ~h~-a t o  1% i t  Pt tilt ’
t he requ I remen t c of pa r t of’ the ta ,‘~o t I1t’no ra to n ’ rIloIhI 1,’. 1 Pr I s ha rdwa r~t~fonned an assembly Identi f ied as the Ant i’nua ‘

~~ a i r  ~-ti n~lti l~~t o, . and
coupled w i th  it were a si ritil o video generator channel and .ir ’ t 1 o~ t to n
c i r c u i t s  desi gned to drive a PP 1 di  s~i1 .rv (P1 an ‘en it ion I rid i t  at t~ i-

The system block diagram a paper iii ’’. I qn — and t P un - . - t~ w ‘i I t  O~
hardware forme d the platform f’ ronu wh I c Pt pro ject  04 ’)tt was 1 a un~ hod
In May 1Q 17 .
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FIgure 1— 4 . SI mu 1 a tor Hardware Produced under I’r’~~Iec t ‘(~1(~
MCI 41’
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There w as not su f  t~~t t e n t  f und i rig 1v i  i I at ’ in to support a tul 1 de’ve’iop
merit program and t herr’ f O r t ’ i ’ i~~’ ie t ‘~4 ’~i~ o f t  or’ t s we’re di t O n  toil towards
a 11111 1 ted vet ’ -. ion ot t h e  - - v - - t r’Iit f 11 111 t ’ i’ 1 5 s t iow s t hi ’ pro_i t’c t ‘)4~R)vers ion of the d ls t r’ i hut ~‘d I’v’oi t ’’~s 1 nq r irnil ,rtor. (~r t 1 the c r ’ I t  I i- al I
I mporta nt eiomi’n t s ret ’ r ’ i ved do t  a t  i t’d at  tori t ion these were :

• - .~~ tent ( ‘111 1 1  rino r 1 nq • rep r~- ~t ’ u ’ , t ed  t~’, t Pit ’ -
‘ ti~~0 l V  1 sony no t’w~ rk

and the onsirurt I t. at r on a rr’anqr’nk’n t S

• s y - . tent n.’ft ’p’ i’ir1 ,‘- ‘ • wh I~ Pr are ni . ’~ i ’ s- , ar - ’ ,  fo r  t h e  system
to oper’ati’

• t lit ’ Ta r’q t ’ t (~eniu ’ r’a t 01’ ithIdLi It • arid

• the PI’I di spi a’, -

The’ ee~ u I pme’u t wh I ch was produt t’d ovid, ’,’ t h i  s pro joc  t met t h e  t a sk
object Ives of p ro ~idi rig Ml 1 I~I wit Pt t ’ \ l ’ i ’r i once i n di s t  t ’ I but oil —
pt’ont’ss tri g it t ’s iq i t  • demons t rat I ut~J ‘.0iir~’ ,. ha racter’i s t  ic’~ cr ’ i t I t -a 1 to a
rea l is tic rada r’ ‘. imu l a! ion , and p r’ov Id iri t i a s ys  te ’vri wh I cli would
qrace’ f’u l i v  . iccep t ‘,ys t cu r growth.
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‘SI CT ION I i

THE 1400 S I Mt II AT OR

The IR~P Projec t ‘140(1 was t ’ s t ~ hi i s hed wi Ut severa l ohiectives :

I) to provide ’ come exp er ieru ’o iii desioning a system uti liz in g
di s t n huted proi oss i rig tt ’ t ’hri i go es We were interested iii :

— a ri hi tei t o re ’ a rid i t s  impact on module design

— possibl e p roblems i n  mo dul e—leve l  and s y s tem—leve l  testin g .

— poc- , i ble problems in sys t e m i r ite g rat ion

- the ineffic it ’ni t use ot hardware and i ts i m pact on the
m odule design , and

2) to demonstrate our initial be lie f that distributed processing,
as a design techni que , offers an opportunity to reduce system
cost, reduce development tinE , and provide system flexibility .

3) to b u i l d  an equipmen t whic h could he used as a base for
further work in eithe r distributed processing or simulators .

The Project 490 Simulator was patterned after the complete system
defIned under the earlier ph a se funded by Project 7010, Low-Cost
Elec tron i cs , and the system block diagram is shown in figure 2-1.

The equipment consists of:

• a supervisory network which provid es in  equivalent form
al l the functions called for in the complete design ,

• a set of system references which define antenna angle
ra te , radar PRF , and scenario time .

• the Targe t Gener ator  module wh ic h  s a t i s f i e s  al l  of the
requirements set h~ the fu l l -~- y s t e m  design .

• a video comE’ i ncr arid no I - t ’  source wh ic Pi are a mini mum
equivalent of this functi on in  the fu11 — sy st~rn design .

• a PPI dIspla y - -  the  AN/IIPA-35 .

An important part of the sirnu ia to t’ desi gn also concerned the bus
structure and message s t r u c t u r e  between the ‘Sune’rvisory Minicomp uter
and the video generation rnoduit’s .
Supervisory Network

Five major functions a t ’ e’ prt ’v I dod w i t  hi n t he Supt’rv I sot ’ v Network
and they a rt’ described i n  the tol lowing ,ra,’aqraphc .
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i gore .
‘- . Pr’ojec t ~4~ 0 Ve rs i on of the Radar ’ Simulator

The’ ‘Super’’,’i s~’n’v Mi llicoili lt II t c’r ’ , as its flank’ iriipl ii ’s , ~ pri t im ari ly
i’e~ i iOri ’ i t~ 0 e on ’ suporv i s io n av id control of ’ the’ s imulator operationS
as di s t  i r iot  t i’oin do l rig the many r e a l  — t ime’ com riput at i oti s which are
done iii f lit ’ vi ~ieo gene i’a t ion modules . Somt ’ compu tat. ion is done’
with i ‘i t lit ’ Si l i n e i V  ‘or - v Mi ru comput er- , and th is  is the conver ’- ior r of
ir ipu~ ‘ t ’\ ~ ’ i n ’ - .’’ I  i n  ‘S tandard  A i r  I oi’c~’ nIh ts (range’ , azimuth ,
heail i’ t~ , vi’ 1 oc i t ’ ,  , he’ i gi rt to cit u i t -  cci i ted to the dc’s iqo of the

,1 i~~~~’ i 1 ’ n n ~’i ’ t I o r ’  arid o ther ’  v ideo qe rrer’a t io n niodul es ( ‘ i t S  it j O f i  iii S
vo li’c i t.v iii s , y. ~; and aci ’c’ ]t ’r’atjon in x , y ,

Tirt ’ ( 1 ~J ~~v l’ iar’d Terr iii na prov i des the furu cti oils requi red of the
S i im itil a t  ,‘rr l~ 1 r’e’c t or’ ’ c Console ; these are has i cal l y  in t.onded to
pertir i t nia rrual lv m i  t i a  ted al rc raft , f l ig h ts  , inodi fy any of the a i r—
cr - a f t  r ii i f ’ t ‘at t ornis wit hiri the s imu l ,ttor’ , or permi t the input of
stored dat a to con trol aircraft fi I glut patterns. The CR1/keyboard
Tt’rmi n,r i is ii sO able’ to interrogate ei thor the Supervisory Min i —
001111’u t ‘ n ’ on - t he v ideo qt ’r ie’ra t I on modet los to determiti rue the’ stat us
at .rnv t ‘it ’ • t n t  the -;e ’ t’riar ’ to he i rig s imu i a ted.

TF it ’ r uno r  l o t ’ P~r ’adt’,’ ‘u t i c  f i c’s the functiona l requi reme’ru t to  permit
prei r-o ji ’r itnnt ’d soe’ia r’j Os to  be ut ill zc’d i mu t h e  syste m . One may
uti ii ;t ’ t ’ n ’ pre’pr’oqrammed capabi 1 i ty to  imply t ’s t a h l  ish an m l  t ial
SOn ’ni ,i i’ iO , n n t ’ 7 ) t ’ ma’, have a comupi e’ to scenario developmen t c to t—ed on
paper t ape ,rn d have i t  p1 ayed out through the ci  mu I a tor
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A mon’ ful ly deve loped vt ’rs i ott of t hi’~ sImu lator would employ magnetic
records to establish sc enian-l os , and cin i - o the quantit y of data is
guI te 1 intl ted -~~ on lv changes in s t a t  us are rioted , arid these are
expressed In symbolic terms — a standard d igita l  t a ss t ’t to would he
adequate for most appl icat io ns .

The Paper T ape- Punc h is prov I dod to  pt’niii t c r’ t ’a t ion of new ‘~ccru ar  los
from e ‘,i st I rig ones. This  Is dotte’ by f or di rig art t ’s i  st ing sce’na n- i 0 to
the sys tern and manual ] ,v i rupu tt I rig c hanrq , ’-~ front t hue’ CRT/ keyboard
Te’niil via l . Result I rug e’ofl t ro I iu~’s sa 01’s 1 -‘ ‘- ued I’’, ’ t he  m i n I computer  ~i r’t’
fed to the paper’ tape’ pun ch as we l l  as t Pit ’ ‘,‘ i dt ’o mriodu l es av id a now
scenario record Is  thus c r’ea ted.

The Tel ety pt’ (1 Fr I s provId ed so that a ha n- LI copy nay bt- made
availabl e from t lie dat a pr-es t ’ri ted to the C RT t orin I n a  I - lv i no nna 1
use it is bevut ’fi ci a] , at ’ ter a c imu l ati  on t’sor ’c iso , to penuii t ami
evalua ti on of somi~ of the ae ’ t ionc tak en duriruq thue ese ’rcise , amid a
hard copy of the’ re le’vant data per’nii t ’- th is qui to rt”adi ly .  In a
more ful ly developed cvs tom the hard i~opv would t’e’ t’e t t or provided
by equl pmenu t spec I fI ca l l ’ ,  dv’s I gnued for f l it ’ purpose’ ; most ci gui fi ea nt . l y
i t  would have’ a faster wr i t  i rig r’a t o , and pr’obahly be’ capable of a I so
record i na graphics as wt’l 1 as .i i oh,i — riu,’ie ’r’ i t ‘- -

System References
The system refere’ruct’ s required to penn It opera t I on of the ci riiul ator
relate to:

— antt ’r u nu a  pos it ion or r’otat ion rate
- radar PRF . and
— si - t’ri,iri e t I n~~’

Outputs from these’ sout ’c e ’s are fed te’ the’ nodules and supe’rvi sor’y
minicomputer so t hat s v n c  hr’oni i sin I s na i rita i rte’d ,imomiq t h e  var i Ot i s

and  o ther ~ I cc I ntde ’pend~ ni t , t unit t l t ’ ?) \  w i  Ut in the s imu lator.

Current lv used s tanuda r’ds di’ C i  nit ’ anu tt’rma posit  I ~tn b’~ a 1 .~ 
— bit di gital

word which I s equiv a lent t to  ou t ’ bit  per 0. 000 de’qre ’es . T bus avu antemina
rate of t-’ revs ‘in i n . ( ty p ica l  t O t ’  a sea i-cit radar) would be expressed
as a pulse rate of 4 10 pulse”~ ‘seco nid . I t ’ nv t ’rsi on from antenna rate
to antenna posit ion Invo lve ’s a sr mi ipl e counti ng arrang ement arud the
generation of a north stro be .

As we see in t iqu m ’o .
‘ - ,‘ , the ar itt ’v inua rate i s  def ined by a standa rd

pulse generator Iris trumen t. I his was used so that we cool d emphasIz e
the f le x i b le nature’ of the’ sim ulator’ ; al though it. was intended
prImarily to s intu l ate ’ a sea rch radar w I th an am ut e ’nuna rate of ( s a y )
6 revs /mm ., It is able to operat e at any rate’ front stationar y to
perhaps severa l re-v s !st ’c . - - the 1 i mri i t r’i’l ,ites to target de’nic I ty ,  not
to antenna rate.

18
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Figure 2-2. System Reference Hardware

The Radar PRF is provided by another pulse generator whose output
is uti l ized to simulate the trigger normall y availa b le from a radar
transmi tter. As wi th the antenna rate , t he simulator is fl exi b le
in terms of permi tted PRF values; howeve v since it takes a finite
time to process each of the required 200 ta rgets , there is an upp er
limi t to the PRI of approximately 330 pulses/sec .

The ~y~~em Clock provides t ime information used by the various
modules In the system . Since many operations are pr edicated on an
in terru p t mec h a n i s m , one—second pulses are made available to the
system. Sc enario t ime is also required for some operations and this
is prov i ded as a 16-hit number updated once per second; scenario time
is also dis p la yed on t he f ront panel .

The system clock also has a “Faster Than Real-Time ” mode of operation
which is use ful for speeding to some point in a scenario development ,
or for observing the development of a scenario at faster than norma l
rate .

The Tarlet Generator Module

Inputs to the Target Generator Module consist of instructions provided
by the Supervisory Minicomputer , and the various references supplied
by the System Reference Group. Provi ded with these i nputs the
Target Generator Module generates video pulses as required for a PPI
display . These pulses are genera ted in proper synchronism with
the “rotati ng antenna ” and are appropriately responsive to aircraft
characteristi cs such as position , aspect an g le , ra dar cross-section ,
and ran ge.

~~~~ PRE Put~e Repetition F,equen c~’
PPI ‘ Plan Po~itie,n IniCicator



TO -

~:; ~ ~~ V IDEO(Z AXIS)
MINI 

~ TARGET — BL A N K I N G
GENERATOR

~DEFLECTIONS
MODULE ~~~~ y )

INTERRUPTTIME -——-------.

FAST!
NORMAL

ANT -RATE - - - -.

PR F  ,,
~
, 

POW ER
t_~~ 4~- ,’54

Fi gure 2-3, Target Generator Module Interfaces

The output of the Target Generator Modul e , as shown iii figure 2-3 ,
is vi deo which is fed to the PPI z-axis. The Target Generator Module ,
as it was built under the 9490 project , also provided blanking and
deflection signals for the PPI display ; tb -m i s  was done as a p ractical
convenience althou gh these s ig nals woul d not normall y he re garde d
as part of the target generation function.

Video Combiner

The Video Combiner incor pora ted in to  th i s  vers i on of the radar
simulator is very limited in object ive;  i t has a transf er characteris-
tic which soft-limits on signals greater than about 2.5 volts , and
it combines the gain-compressed output wi th noise provided by a
standard noise generator.

Plan Pos I t ion lndic ator ,,j?PIJ,,

The radar simulator makes use of two PPI displays ; one is small and
convenientl y mounted In the equipment rack —this is a Hewlett-
Packard 1 300A xy display adapted for the task ‘— the other is a
standard military equipment , the AN/ tJPPr-35. The smaller unit is
useful for quick or sim ple system checks; the larger unit provides
an excellent means of observing the s imulated radar responses and
provides a more accurate measure of the fine-grain performance of
the simulator .
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Opera -
‘ ar ia Compu t at i  onis

The o~ t’v ’ a t i o r is  and compu tations imttplemented at system leve l are
s~ i’ir~ar i  : in tab le  — 1.

on k’- \ T I~o~- • In i t i a l i z e  the system
• Is t a b l is h  anu in i t ia l  scenario
• ~od ifv  scenario in progress
• Es t ah l i sh / nriodi fy , radar power and height

( 16 airc raft types , 5 v a l u e s  of radar  cross -
section)

• Cont rol/ Iruterrog ate modules

0’~~. ~-\~~ , ‘Nt  I 
~onlvert range , azimuth , headimug , veloc i ty
and bueight to ~~~~~~~~~~~

C n F~l 1N~ S Converts latitude/longitude to ~~~~~~~~~S( 
~~~~~~ 

(1

~d Nt ~~~~~

~ahI~’ -I , ~vstem Level Operati ons and Computations

Ti lt ’ t )  l~ i ‘~ i i~~ cc sponi s I hi 1 t v o t~ t h e  n i i  n i  c o m p u t er -  i s to accept data from
:‘‘ ,‘ s~’iir’ ct ’ c , ~:.  tnt ’ ~cc”ario—t ane reader - i arid send it to another-

o . . . .i c .  l i t ~i Hul e . 0pe r~
-t t i onis w i thi ni the supervi sorv

m i n i  c~~iou t i ’’- a n , ’ riot ~l~’r’~’ in real time hut are don - me during the time
tc .‘O s, ccn ls pr io ’-  to  the r e a l — t i m e  reguirement. In addition to

I- Ui ’, ‘~ ‘‘‘i’~ ‘c c c ’  ar i c arid operator commrian uds and exerc I s in - m g control
~it ’ nh ni c~”c’u t t ’’• doe -~ a l i t t le  co mputationu , pri nci  ~‘a1 lv rel ated to

t nt ’ L~crvt ’!’” iO n o f  cot i- d i nates f r om oru e sy s t e m  to a n o t h e r .  CPU
ut i ii it j e l l  t urin i n~i ,it On lv about 

~
‘ . ; the iii nu I c~m~uter

g,’’u’n -a 1 1  v has cot h i nq to do, s i nice i t  on V responds to a scenar io ‘ event”
or - an op ”-atoi ’ d isp la y request. About 00 . of tire a’5ai  lab le memory is
eiiin~ ~vod ~i’~ i t h e  memory uti 1 i zat ion is g iven below .

N’RTRA N ( 14 routines ) 34 . °~-
rORTRAM functions

‘, s  in , cec , etc. )
1 1 nu~s S lit  orr up t vector ’s 12.5
1t~~[I~AN 1/0 dr’ i vers 1 ~‘ . 4 .

1 1 . 1 -
I ahi ec 4 . 1 .
‘
~ ‘, ‘ml iv  1 anquaqe

. ‘r i l  ‘ r , ’~~i ’~~~, I  Unit

I 0 I ’i’~ ‘ I  ~ 
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The freedom I n- cit r ’ea 1 —  t l ie ’ c ct’ ~t l  i i  c ~ ii~ 
+ n .i I t s iii k e ’s the’ pn-Oqraflhhi i

of the nt iruiconipute r a v i r - t u a l 1~’ t r i v i a l  es , i-c i~ o . A l l  ca l cu lat ion is
ar id data t ranc for - ; ~ a nt t ’~~ ~, i t  ‘‘Ii iii 0011 ric a 1 — tim e FORT RP,N , and rio
real — t i me Ol’t’l~i t i iiL ~ s’. St  ic~ Ci a “‘ 1 ‘10 1” r oqu I re d  - lu i- the n-more , the

~~‘ ster ’ ’  a rch i te ’c t u r - t ’ an t I ‘ i — nvd~Cle do- j I lt s li v e Iocu’, ’ Ll on nO n u n  — i rig
th~ ar’Oui i t ct data to :20 t n - a r t * or i t ’d • :2 c t 11 t n j  t to Ii 1 rt i COlil l’ t ‘l-
and ott the c vs tern data t ’ u-~

~cci’iun I cat  ioni hot  w,’oii t Ii, ~ c’ t ’ I i 0 rv  M 11 ,  Ol lU t o n  tnt , l t hi car  I ~ avideo qenerat ior in~t l t t l ,~ s d o , ’ ~‘i1 a a st ’ to t ti nt ’ Jr ’ i ~,nt’~I ini a
- a s t o r - — s l a v e ’ c’ -’ ‘ o - ~ ~~ i t  a r ’  od o ‘‘or- di ‘o~ t , hut t ho
SUi’er -~ I so r’~ rl iln icol ’il’ u ter act Ifiti as mas t or , a lw al  s lii i t i i t e ~ a ri d
Con t rol  s in ’. message O’,I I arhit ’ - T le il I t t  ‘‘ ‘it ’’s,n ;t t m a  t I ~_ an t he
t ’ i j ’ . c o n s i s t s  of eor’i’a’ d-~ , ar id liii t i,i l conitl i t t o n i -  se ’ nm t f r - omit t ho nas t o ’~to t he slaves ; cerm unl i c at  on dot ’s occ u i-  I ri t o  ot io n’ 41 i-~’c t ion
although i t  i - , don,’ l ’ r - i n klr ’ liv t o r t  j s ’’, ,~ i r r t v ’ n -n - t l t i1 t i~~n f unc t ion
rathe’r than to coo t  inual 1, ‘ cod da ta t i ~ k t o  toe 5 14 ’ e r v i s o r- ’. network
The mas ten- —s lave bus r r - n - a ’ o o ” ’ ~ i t  i ~on-i ot I t ’s roqat- ded a s a son~’whatlim i ted 1 i,uk~ howeve r ; the ‘.on~ ‘,I ,r 1’ )e (- oriR ” unhica t ior ’  roOuire ’lik’nts of
the s imu lat o r-  a n-n’ is, ’ 11 — m a t  ‘ i ’d ~ 1’ the’ ohal a c t e ’’ i  s t los of the m a s t e r —
slave’ conce pt , and tho s ‘ c a l  a t  i S c~ nis, ’ ti,’ni t 1’, orovid ed with a
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General Description

The Target Generator Module block diagram is given in figure 3-2.
It is detailed to the l evel that i dentifies all the major functions
provided in this module.

Starting at the left of the diagram , the first functional block is
the I/O interface which provides the interface between the Target
Generator Module and the Supervisory Minicomputer. All instructions
g iven the Targe t Generator are fed i n v i a th i s port from the
Su perv i sor y Min i com puter; res ponses to i nterro gati ons are also fed
out of this port.

The next significant blcck is the Target Generator ’ s microprocessor
which is a Texas Instrument TMS-9900. This is a 16-bit processor
operating at a clock -rate of approximately 2.5 MHz.

The peripherals supporting the microprocessor are severa l random
access memories (RAMs), a Read-only memory and some fixed logic.
RAM 1 provi des tem porary s torage for instruc ti ons which may be fed to
the Target Generator prior to the ef fec ti ve t i me for execution ,
RAM 2 provides storage of all target data including current position ,
and RAM 3 provides storage of target position expressed in radar
coordina tes  ( p ,  e).  The target table RAM provides storage for
data defining average radar cross section; 16 aircraft types , each
with 5 different aspect angles ,may be characteri zed by this memory .
Ihis memory is of RAM form ra ther than ROM so that one may change
the ava ilable patterns of radar cross section during the scenario if
one wishes. The program ROM is provided solely as a development
aid and is use d in con junction w i th a “front-panel” set of controls
recessed beh ind the Target Generator Module front panel . The fixed
log ic is a set of hardware designed to convert data from linear to
l ogar i thmi c form, or the reverse; th is was provided because an
initial estimate of the microproces sor loading concluded that
valua ble computati on time could be saved by utilizing a hardware
imp l ementat i on .

The microprocessor is fed time data and antenna angle information
to permi t properly synchronized operation , lime expressed as a
‘-second interrupt is used to initiate updating of target positions
in the xy domain , and time expressed as a 16-bit binary number is
used as a c lock to -letermine when to implement actions specified
for a specific point ~~

- ‘ime in the scenario. Antenna angle is
used to define antenna sectors of 2212 degrees , and conversion of
target posit ion data from xy form to pe form is done in blocks
(or sectors) on an “as rreedec ” basis.
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The Target Generator Module also incorporates some circuits which
are not properly part of the target generator function ; they were
located there for practical convenience . One circuit converts a
pulse train defining antenna rate to a statement of antenna angle;
the other circuits provide the x and y defl ection signals for use
in the PPI d i s p lay .

Operations and Computations

-~~ The operations and computations implemented in the Target Generator
Module are sumarized in table 3-1 , given below .

The operations are basically concerned with accepting inputs from
the Supervisory Minicomputer; these define target positions , velocities ,
and parameters of the radar equation; from these inputs an
appropriate set of video responses is determined and generated .

The computations relate to two major requirements : one , of maintaining
a current statement of position on all targets, expressed in the xy
domain; and the other , of providing ra dar coordinates for all required
responses to a synthetic aircraft. While the updating in the xy
domain is done once per second for all aircraft , the coord i nate con-
version is only done for aircraft about to be displayed on the PPI. A
more detailed breakdown of the Target Generator computations is given
in table 3-2.

OPERATIONS I Accepts Inputs on A/C at Any Time , Includin g
Inputs Ahead of Time .

• Accepts In puts Defining P , RCS , Radar Elev .
(Initially and at Any Oth~~ Time).

• Controls Flow of Data to Video Generators.

• Responds to Interrogations on Status.

COMPUT ATIONS I Updates Target Vector for 200 A/C Each Second
(Done in xyz domain).

• Coordinate Conversion on Acti ve Targets (A/C).

Tab le 3-1. Operations and Computations in the
- Target Generator Modu le

A/C - Aircraft 27
Ptx - Power , transmit
RCS - Radar Cross-Section
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Mlc rqprocessor T i m i n ~
The timing associated wi th severa l cr i t ica l  operations done within
the microprocessor network has been measured and the results are
given in table 3-3.

xy coordinate update = 32 ms/200 targets

= 160 ~zs/target

rev iew 200 targets each = 10.5 ms/rev i ew
sec tor

coordinate conversion 1.3 ms/target

Ta b le 3-3. Timi ng of Microprocessor
F u n c t i o n s

The xy coordinate update is important because it is done for every
target , every second. The reviewing of all the 200 possi b le targets
is required each time the “ an t enna ’ enters a new sector (22.5 degrees
wide ) in order to establish which targets should have their current
xy coordinates converted to radar coordinates. The time required
for coordinate conversion is important because it is relatively l ong .

These operation times illustrate one of the design features intended
for the s i mulator projec t, namely tha t i f the system des igner i s g i ven
p lent y of des ig n s pace — har dwa re or software th en the des ign
activ i ty w i ll p roceed ex peditiously an d at low cos t. It was intende d
tha t t he micro processor network be overdes i gned , and these measured
operat ion times in d ica te  that , for an antenna rotation rate of 6 rpm
and a field of 200 targets in the radar purview , the microprocessor
spends only about 8% of its time making computations and exercising
control . Sufficient margin was in fact provided that , with certain
mi nor limi tations , the system may be operated at rates as much as 8
times faster than real time . Once the initial design of the target
generator had been established , t he implementation proceeded w i thout
any changes being required and no difficulties in execution were
encountered .
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Des i ~n Featur e s of Interest

Among t he fea tures of i ntere st i n the’ design of the Target Generator
Modu le are the sc int i l la t ion-radar-cross-s ect ion simulation and
the mapping of antenna patterns in the antenna RPM.

TYPICAL HORIZONTA L
PATTERN

TYPICA L
VERTICAL 

~ ,. ,,.~~ LAYER USEDPATTERN — 
. .~7 FOR HIGHLIGHT

~~~~~~~~~~~ 
L~~~~

E
~~~

DEPTH/CELL—4,,.Z
F Vi~

Figure 3-3. Antenna Pattern ROM

The radar treated as the standard to simulat e is the AN/TPS-43 ,
which is a 3-D radar. This radar uti l izes severa l v ertical beams
and interpo lation between them to determi ne the angle of elevation
of the target of interest. Each of the vertical beams has an
associated horizonta l pattern , and these hor izonta l pat terns  are not
necessarily a ll the san te .

To acconinodate this variabi l ity a 3-dimensional antenna RPM is
employed in the Target Generator ; th is memory can , of course, be
progranined to store any pattern set we wish to define within an
azimuth gate of 11.2 degrees and an elevation space of zero to
45 deg rees. In addition to defining antenna pattern s , the antenna
ROM reserves one laye r to service a “ h ig hl ig ht” function use d to
Id e n t i f y spec if ied targets In the PPI display .
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When an aircraft is continuously “painted” by a radar , the signals
received by the radar are highly variable , this variability being
referred to as scintillation. Beyond the scintillation effect one
can also see a difference in the average va lue of the return signal
as a function of the apparent aspect angle of the aircraft as
viewed by the radar. These effects are illustrated in figure 3-4.

The Target Generator Module simulates the overall effect by permi tting
the assignment of a va lue of radar cross-section (RCS ) to each of
eight views of the aircraft (this sets the mean value for each
octant) , and to this mean value two scintillation values are added.
Both scintillation values are defi ned by some fo rm of quasi-random
process; one value is varied on a scan-to-scan basis , the other on a
pulse-to-pulse basis. Figure 3-5 illustrates the technique .
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S E C T I O N  I V

RESULTS

The photographs shown in this section illustr ate the quality of
the synthesized responses generated by the simulator. To those
familiar wi th radar PPI disp lays the images appear a l i t t le  empty
since the simulation does not yet include the effects of clutter
and weather. However , the character of the d isp lay  responses t~in d ividual a i rc raft , the movement and sc int i1 l~ t ion asso . iated
with them , and the quite normal l imi ted dynamic ranqe shown in
the display signal , all contribute to a very satisfactory acceptance
by experienced observers . Two d isp lay samp l es are given in the
following pages and they show results typical of the rada r simu lato r .
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With this project , the software design in the supervisory network ,
and both the har dware and so ftware desi gn i n the tar get generator
module , proceeded in a very straightforward manner . Once the system
design and master-slave bus specifications were established , the
design of the target generator module was implemented with no sub-
sequent chan ges , nor were any difficulties in execution encountered.
With the su pervisor y network , there were a num ber of chan ges ma de
in the software as we recognized the need to perform more functions;
however , the generous computation time and available memory , coupled
with the use of FORTRAN , permitted modifications to be implemented
quickly, easil y, and without resort to clever programming .

The project experience led us to recognize that simply employing
distributed processing is not sufficient to assure an economical
design — one could otherwise devise a distributed -processing system
no better than a centralize d-processing system with its attendant
problems in programming and complexity . What is important is that
certain principles obtain , namely that the se gregated tasks are
self-conta ined as far as possible , an d tha t commun i cat ion amon g the
modules be simp le in nature and limi ted in rate . We also recognized
with the simulator that the design should avoid bi-lateral communica-
tion among the modules , this being necessary to avoid contention for
control of the module operation . This is much like “structured
p ro gramin g” which ins ists on only one entrance and only one exit.

With regard to testing , we found no pro b lem at e i ther the module
level or the system level . For exam p le , with the video generator
module , testin g was not difficul t although a fully run test might
have been more time consumin g. Inputs to the module consist of
simple digital words of standard form , and the output is a stream
of pulses of specified amplitude and time location ; all of these
input/output elements are easy to observe and/or measure . We
acknowledge that the testing was facilitated by a devel opment aid
designed into the module , and the simplicity in testing resulted
somewhat from the simulator being a “small system ” , as dis~ inct from
some of the more complex networks found , for example , in C systems .
A basic principle remains however — testing in a distributed-
processing network is inherently easier than in a centralized-
processing network .

System integration also proceeded in a straightforward manner;
this was expected because the module tasks were well defined and
segregated , and the communication between the modules was simple
and very limited in nature . When system design incorporates these
feature s , system integration is facilitated since there is a higher
certainty that the system components will integrate compatibly.
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A lso , once the system is ful ly inteo rated , fault location is easier ,
since the operation of the various m odules can he mo re easily
observed and evaluated .

Our interest i n  the ine f f ic ien t  use oi hardware ” ref lected a
conviction that , by essentiall y disre qan -ding the quantity of hard-
ware employed , one can make a reduction i n  development cost by
n-educing development labor. Inefficient hardware ’ provides i n  p a r t
the  “design space ’ r e fe r red  to earlier. (The other contributor is
the proper p artitioning of the system problem). It was not necess o ’ - v
to eva luate a l ternate module desiqns s i n c e  the use of “ i ne f f i c ien t
hardwa re qranted a high probabilit y of success to the  first-
proposed and not criticall y ontim ized anproach. With the target
qenerator module the first-proposed approach ~as i n  f ac t  successful -

The initial equipm ent we have built has certainl y done all we expecteL )
of it, and i n  fact some of the fine -qra in details as viewed on the

~°1 display are very pleasin g . The equi pment is very presentable i n
appea rance , and is well fitted to our objectives in demonstrating
the syste m capabi l i t ies .
TO complete the summary we offer a commentary on the possible
exploitations of this initial develorninent. Several avenues merit
consideration: further development on simulators of various types,
further exploration into the desi gn o~ distributed-processin g
networks, and the ap nl ic atio n of this approach to FCM/ ECC M i s sues
of inten-est to both radar and con~inunicati on .

r u rthoy- development on simulators might he directed towards
con upletion of the ex is t ing system , or it could easily branch out to
radars  which use B-scan displays — precision approach radar’s and
sec tor- surveillance radars — or conical scan radars. Also, by
utilizing an RF si~ nal-nenera tion version of the concept, one could
simulate a variety of adversar y s i tuat ions and evalua te both ECM
and ECCM techniques.

Since the system ut i l izes sepan ’ate modules to simulate the various
elements in a complex system , the conce pt is din’ectly appl icable
to a communicat ion system atten ipti nti to communicate in the presence
of ja mming . Simulation of such a network would he useful in explorin g
the benefits of ant i—jam techniques , as well as the effectiveness
of different ja mers.

In summa ry , Proj ect 9490 was establ ished w i th  several obje ct ives ;
the work is now complete , and the obj ect ives sa t i s f ied ; opportunities
to further exploit the work are also readil y apparent.
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